INTRODUCTION
Breast cancer is now known to be a heterogeneous matrix of molecular subtypes characterized by significant variability in overall prognosis. [1] [2] [3] The most common subtype, luminal A, tends to be estrogen receptor (ER) positive and/or progesterone receptor (PR) positive, and HER2/neu negative, and has the best overall prognosis. 2, 3 Each subtype has also been shown to be associated with a differential response to treatment with adjuvant therapy. [3] [4] [5] It has now become routine practice to tailor treatment regimens to a tumor's molecular signature (i.e., ER and PR status and HER2/neu status) while also considering traditional clinical characteristics (age, tumor size, and tumor grade). 6 Gene-expression profiling (GEP) tests measure the expression or biological activity of several genes in tumor samples. 7, 8 GEP testing may provide a more complete picture of a tumor's molecular signature and enable a better estimate of the risk of distant recurrence when considered along with other molecular signatures and clinical characteristics. This has led clinicians to speculate that GEP testing can distinguish between those patients who would benefit from adjuvant chemotherapy (i.e., high-risk GEP signatures) and those who would not (i.e., low-risk GEP signatures). 6, 9 
Test description
Oncotype DX (Genomic Health) is a commercially available GEP test that uses reverse-transcriptase polymerase chain reaction to measure the expression of 21 genes from fixed, paraffin-embedded tumor samples. Based on the expression of these genes, a recurrence score (RS) on a scale from 0 to 100 quantifies the risk of 10-year distant recurrence. The Oncotype DX RS was initially validated within a cohort of lymph nodenegative (LN−), estrogen receptor-positive (ER+) breast cancer patients treated with tamoxifen. Individuals with an RS less than 18 are considered to have a low risk of recurrence. Those with an RS between 18 and 31 are classified as being at intermediate risk for recurrence, and those with an RS higher than 31 are at high risk for recurrence. 7 In 2009, the Evaluation of Genomic Applications in Practice and Prevention (EGAPP) Working Group (EWG) found adequate evidence of the clinical validity of the prognostic performance of Oncotype DX, that is, an association between the RS and disease recurrence. 10 MammaPrint (Agendia) is built on a microarray platform that measures the expression of 70 genes, none of which overlap with Oncotype DX. MammaPrint stratifies patients into two groups-low risk or high risk of distant recurrence at 5 years. 8 In the same 2009 recommendation, the EWG found adequate evidence of the clinical validity of the prognostic ability of MammaPrint, that is, an association with future metastases. 10 Currently, MammaPrint is the only GEP test approved by the US Food and Drug Administration for determining the risk of distant recurrence at 5 and 10 years in women less than 61 years of age with stage I or II lymph node-negative early breast cancer.
With respect to clinical utility, the EWG found no direct evidence that using Oncotype DX or MammaPrint to guide treatment decisions improved health outcomes. The EWG did note that Oncotype DX held promise for the future possibility of demonstrating clinical utility. 10 Our objective was to provide an updated summary of the clinical utility of Oncotype and MammaPrint GEP tests in women with breast cancer to support an updated recommendation from the EWG.
MATeRIALs AND MeTHODs search strategy
We adapted the search strategy used by Marchionni et al. 11 to include additional text terms specific to Oncotype DX ("oncotype, " "21 gene, " "recurrence score") and MammaPrint ("mammaprint, " "70 gene") (Supplementary Table S1 online). We searched PubMed, EMBASE, the Cochrane Library, and CINAHL from 2007 to December 2013, and we did not limit by language or publication status.
Types of included studies
We included only systematic reviews evaluating the clinical utility of Oncotype DX or MammaPrint in women with early-stage breast cancer. We required that each systematic review report a detailed search strategy, the dates that the searches were conducted, and search terms. Systematic reviews were also required to include specific aims and objectives or key questions considered, eligibility criteria for selecting studies, and methods for assessing methodological quality of included studies. We did not include narrative reviews, editorials, or commentaries. We did not apply any restrictions on the primary studies evaluated by eligible systematic reviews. Some studies evaluated in the included systematic reviews were previously considered by Marchionni et al.
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Key questions
We defined clinical utility as the overall improvement in treatment outcomes using GEP to guide treatment decisions compared with outcomes in which treatment decisions did not incorporate findings from GEP tests. In addition to the primary objective of this review, in consultation with members of the EWG, we developed a list of three key questions (KQs) and outcomes based on the KQs specified by Marchionni et al.
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Potentially eligible systematic reviews must have reviewed and summarized results from primary studies that provide direct evidence of clinical utility or studies pertaining to at least one of the following KQs:
1. Does GEP testing predict treatment effect with adjuvant chemotherapy?
• Disease-free survival at 5 and 10 years • Distant recurrence (i.e., metastatic breast cancer) at 5 and 10 years • Overall survival at 5 and 10 years 2. To what extent are GEP test results utilized in treatment decisions?
• Change in pre-GEP treatment decision or recommendation compared with post-GEP treatment decisions or recommendations 3. What is the cost-effectiveness and budgetary impact of using GEP testing to guide treatment decisions with adjuvant chemotherapy?
• Quality-adjusted life years (QALYs)
• Incremental cost-effectiveness ratio (ICER)
• Health-care costs
Although they may not provide direct evidence of clinical utility (i.e., improvement in treatment outcomes using GEP tests), studies of these questions form part of the evidence base on the potential impact of the clinical use of GEP and constitute the bulk of the currently available evidence regarding GEP in breast cancer.
evidence synthesis
One review author (M.M.) extracted information describing the methodological characteristics and overall design of each included systematic review, which was verified by a second reviewer (A.S.). We only reviewed the primary publication to confirm discrepancies in data reported by the included systematic reviews or to verify pertinent data (e.g., outcome time-points). We used the AMSTAR criteria 12 to assess the methodological quality of the included systematic reviews. We performed a qualitative synthesis of the results from the primary studies reported by the systematic reviews for each KQ. If a primary study was evaluated by more than one systematic review, then we used all information reported by the included systematic reviews. We included a summary of the quality assessment of the primary studies and conclusions of each included systematic review for each KQ. We did not evaluate methodological quality of the primary studies included in the systematic reviews. We found significant clinical and methodological heterogeneity in the primary studies evaluated by the included systematic reviews, precluding meaningful meta-analyses for any of the KQs.
We incorporated findings from the included systematic reviews into a summary of findings table and followed the GRADE approach 13 to evaluate the quality of the body of evidence with respect to clinical utility. We considered the following factors that could potentially decrease the quality of evidence for each KQ: (i) study design and quality (i.e., risk of bias); (ii) indirectness in the way test results are utilized in making treatment decisions or study designs preventing direct comparison of treatment outcomes based on GEP testing (i.e., indirect evidence); (iii) inconsistency or heterogeneity in reported results; (iv) imprecision in effect estimates; and (v) potential publication bias. It could be argued that the domain for directness of evidence is not appropriate in this context, given that the KQs were known from the outset to be only indirectly related to clinical utility. However, we believe it is important to assess the overall quality of the current evidence base in relation to clinical utility, given that clinical implementation is already under way.
SyStematic Review
ResULTs
The electronic searches were last conducted on 18 17 The most recent review evaluated cost-effectiveness analyses for both Oncotype DX and MammaPrint. 18 The authors of this review also reported receiving financial remuneration from Genomic Health.
In total, the five included systematic reviews evaluated seven studies related to KQ 1, 12 studies for KQ 2, and 22 studies for KQ 3. We did not consider any of the studies cited in the review by Hornberger et al. 17 addressing KQ 3 because the methodological quality of these studies was not evaluated. We excluded 13 reviews and have provided our reason for excluding each review in Supplementary Table S4 online.
We found some overlap in the primary studies evaluated in the included systematic reviews (Supplementary Table S3 online). For Oncotype DX, three of seven (43%) primary studies considered for KQ 1 were represented in more than one systematic review, with one study present in three systematic reviews. For Oncotype DX KQ 2, 5 of the 12 (42%) studies considered were covered in more than one systematic review, and two studies were covered in three systematic reviews. For MammaPrint, overlap was limited to KQ 2, where one of the two studies (50%) considered was covered in two systematic reviews.
Our assessment of the five systematic reviews according to the AMSTAR criteria is provided in Supplementary Table S5 online. All five reviews reported criteria for judging the methodological quality of the studies included. Two systematic reviews used a modified version of the REMARK reporting guidelines 14, 16 as well as the STARD guidelines. 14 One review used GRADE to evaluate the overall body of evidence and did not report assessments of each included study. 15 Hornberger et al. 17 applied the level-of-evidence criteria described by Simon et al. 19 for studies reporting the predictive ability of GEP tests but did not assess the methodological quality of cost-effectiveness studies. The Quality of Health Economic Studies tool was used by Rouzier et al. 18 to evaluate economic analyses.
eVIDeNCe OVeRVIeW
None of the included systematic reviews identified studies providing direct evidence of clinical utility for either test. The following is a summary of the evidence identified by the systematic reviews as it applies to each KQ.
Prediction of treatment effect with adjuvant chemotherapy
Oncotype DX. Four systematic reviews evaluated studies reporting the ability of Oncotype to predict treatment outcomes from adjuvant chemotherapy. [14] [15] [16] [17] Three studies included in the review by Smartt et al. 14 reported the association between RS and treatment outcomes in participants treated with endocrine therapy only 20, 21 and in participants treated with chemotherapy only. 22 The lack of an appropriate treatment comparison limits the ability to draw conclusions regarding the predictive ability of Oncotype DX from these study reports. The OHTAC review 15 included two retrospective analyses reporting the ability of the RS to predict the effect of adjuvant chemotherapy compared with hormone therapy-the NSABP B-20 trial, 23 with 651 LN− early breast cancer participants, and the SWOG-8814 trial, 24 with 367 LN+ breast cancer participants ( Table 1) . The same retrospective analysis of LN+ breast cancer participants included in the OHTAC review, Albain et al. 24 was also included in the review by Ward et al. 16 Two additional retrospective analyses including 651 LN− participants from the NSABP B-14 and B-20 trials 25 and a conference abstract 26 that reported the analysis 651 LN− participants from NSABP B-20 data only showed a statistically significant interaction between RS and adjuvant chemotherapy ( Table 1) . Ward et al. 16 found the studies by Albain et al. 24 and Tang et al. 26 to be of moderate quality and found the study by Tang et al. 25 to be of high quality. However, they noted the absence of a reliable quality assessment tool to evaluate such studies.
The studies by Paik et al., 23 Albain et al., 24 and Tang et al. 25, 26 investigated the predictive ability of Oncotype DX using archived tissue samples collected from randomized controlled trials comparing tamoxifen with tamoxifen plus chemotherapy. A potential limitation in the retrospective analyses is that only a subset of the participants in the original trial were included in the predictive analyses-30% and 40% in Paik et al. 23 and Albain et al., 24 respectively. The retrospective analyses reported by Paik et al. 23 and Tang et al. 25, 26 used overlapping data from participants enrolled in NSABP B-14 and NSABP-20 and included both HER2− and HER2+, which may confound the results given the correlation of HER2 status with RS. 15 Additional limitations noted in the review by Ward et al. 16 include insufficient reporting of the clinical and demographic characteristics of trial participants with tumor samples eligible for GEP testing and those included in the predictive analyses, as well as the dates or range of dates on which tumor samples were collected from the participants in two studies. 24, 26 One study was reported as a conference abstract, 26 limiting the ability to complete a full assessment of the study. The corresponding full-text publication for this study has yet to be evaluated in a systematic review and is not considered in this overview.
SyStematic Review
Applying the domain-based GRADE approach, we determined the body of evidence addressing KQ 1 to be very-lowquality evidence of clinical utility ( Table 2) . This determination was due to (i) risk of bias because of the incomplete outcome data included in the retrospective analyses; (ii) the indirect nature of these study designs in addressing clinical utility; and (iii) imprecision in treatment effect estimates across all three RS strata. Three reviews included in this overview reached similar conclusions. In 2010, the Ontario Health Technology Advisory Committee concluded that "there is very low quality evidence that Oncotype-DX can predict which women will benefit from adjuvant CMF/MF chemotherapy in women being treated with adjuvant tamoxifen. " 15 Smartt et al. 14 had also concluded in 2009 that the quality of evidence demonstrating clinical utility for Oncotype DX was low. The overall conclusion by Ward et al. 16 noted the presence of a large evidence base for Oncotype DX, but they pointed out that methodological characteristics such as heterogeneity in study participants and study design suggested the need for additional evidence to determine the clinical utility of the test and that prospective studies would improve the quality of the evidence base.
Using the level-of-evidence criteria described by Simon et al., 19 Hornberger et al. 17 determined there is level 1, category B evidence for the Onocotype DX RS in predicting treatment effects of adjuvant chemotherapy. This designation indicates the existence of "prospective studies using archived tissue samples" that have been validated in at least two studies meeting the level 1 criteria.
MammaPrint. Four included systematic reviews did not find evidence that MammaPrint can predict treatment effects of adjuvant chemotherapy. 14,16,17 Therefore, we could not apply the GRADE criteria to define the quality of evidence for MammaPrint ( Table 3) .
Change in clinical decisions based on gene-expression profile testing
Oncotype DX. Four systematic reviews [14] [15] [16] [17] summarized the impact of Oncotype DX on treatment recommendations (Table 4) . Three small studies summarized by Smartt et al. showed that Oncotype DX led to a reduction in the number of LN− breast cancer patients recommended for treatment with chemotherapy. [27] [28] [29] Two additional studies described in the OHTAC review, 30, 31 followed by one published report and one conference abstract summarized by Ward et al., 32, 33 showed that Oncotype DX had a similar impact on treatment [34] [35] [36] [37] [38] In total, 11 published reports and one conference abstract reported that the RS led to a change in treatment recommendations in 21-74% of participants. Six studies also reported that 13-34% fewer patients received chemotherapy, and one study reported 27% of patients changed their own treatment decisions after GEP testing. Heterogeneity in the molecular and clinical profiles of participants between studies and in the criteria used to determine pre-GEP treatment recommendation limits the ability to generalize the impact of Oncotype DX on treatment recommendations or decisions. Using the same domain-based approach for grading the body of evidence, we determined the studies reporting the change in treatment recommendations or decisions based on Oncotype DX results to be low-quality evidence. This designation results partly from the fact that these types of study cannot provide direct evidence of clinical utility; however, it also reflects problems with the quality of evidence provided by these studies, particularly due to heterogeneity in the study participants ( Table 2 ). The OHTAC review found insufficient evidence for the impact of Oncotype DX on clinical decision making. MammaPrint. One study described in two reviews 14, 17 reported 61% (259/427) of patients were recommended to receive adjuvant treatment (chemotherapy or hormone therapy or both) based on current clinical guidelines, prognosis signature, and patient preference compared with 47% who had been recommended for adjuvant systemic therapy based on clinician interpretation of current Dutch clinical guidelines 39 ( Table 4) . Among the participants who were recommended to receive adjuvant therapy after consideration of clinical guidelines, patient preference, and prognosis signature, 18, 29, and 13% of participants were recommended for chemotherapy alone, chemotherapy plus hormone therapy, and hormone therapy only, respectively. One additional study summarized by Ward et al. 40 retrospectively compared actual treatment received with participants' MammaPrint risk classifications. Among 59 participants classified as high risk, 19 (32%) did not receive chemotherapy, whereas 35 out of 77 participants classified as low risk did receive chemotherapy. It was suggested that MammaPrint would affect the treatment 40% of the time based on the assumption that all high-risk participants would receive chemotherapy and all low-risk participants would not. 40 Heterogeneity in the study populations and in the initial criteria used to make treatment decisions limits the ability to generalize the impact of MammaPrint on clinical decision making. Indirectness in the interpretation of results, participant characteristics, and the lack of a reliable control groups led us to determine there is low-quality evidence for MammaPrint to lead to change in treatment decisions or recommendations ( Table 3) .
Cost-effectiveness of gene-expression profile testing
Two systematic reviews conducted cost-effectiveness analyses of Oncotype DX 15, 16 18 costeffectiveness ranged from ¥1,239,005 to CAD 63,054 per QALY gained when compared with a variety of alternatives (National Comprehensive Cancer Network guidelines, St. Gallen guidelines, Adjuvant! Online, or current clinical practice). Use of Oncotype DX led, in some studies, to decreases in direct costs ($2,256 to more than $1 million), whereas in others it led to increased direct costs ($1,828 to $4,272) ( Table 5) . Rouzier et al. 18 concluded Oncotype DX would likely improve outcomes, reduce the number of patients treated with chemotherapy, and be cost-effective from the perspective of the payer. Cost-saving and improvements in quality of life were likely attributable to less frequent use of chemotherapy. Because of uncertainty in the cost-effectiveness and the variation in the magnitude and direction of costs (increase or decreases) from budget impact assessments of Oncotype DX, we found the economic analyses to be evidence of moderate quality ( Table 2) .
MammaPrint. There was considerable uncertainty in the evidence with respect to the benefit of chemotherapy in each risk group, resulting in less reliable estimates for parameters in the cost-effectiveness model. 15 In the analysis by Ward et al. 16 for the National Institute for Health and Care Excellence in a UK setting, at a cost of £2,657 in 2010, the ICER for using MammaPrint ranged between £12,240 and £53,058 per QALY gained (compared with current clinical practice) when the test was administered to all ER+, LN−, HER2− early breast cancer patients. In the subsequent sensitivity analysis in which the test was only administered to women with a Nottingham SyStematic Review SyStematic Review Prognostic Index of 3.4 or more, the ICER ranged from £6,053 to £29,569 per QALY gained compared with current practice. This uncertainty was also observed across the studies described by Rouzier et al. 18 One study reported a decrease in direct costs of €7,430 compared with St. Gallen guidelines, 61 whereas two studies reported increases in direct cost of ¥231,385 62 and from $401 to $1,811 63 per patient compared with St. Gallen guidelines. Against Adjuvant! Online, one study reported an increase of €1,130 in direct costs with €4,614 per QALY gained. 61 Two other studies reported a $2,882 decrease in direct and indirect costs when compared with National Institutes of Health clinical practice guidelines 64 and €9,043 cost-savings per 100 patients per year compared with current practice. 65 The five cost-effectiveness analyses described by Rouzier et al. 18 had an average Quality of Health Economic Studies score of 86. Imprecision in the estimates of cost-effectiveness due to the lack of data on the estimated treatment benefits led us to determine there is low-quality evidence for MammaPrint ( Table 3) .
DIsCUssION
We identified five systematic reviews [14] [15] [16] [17] [18] that provide a chronological assessment of Oncotype DX and MammaPrint from 2007 through 2013. None of the included systematic reviews reported direct evidence of clinical utility for either test, and deficiencies were also found in the quality of the indirect evidence relating to clinical utility.
The included systematic reviews identified four studies [23] [24] [25] [26] that reported results suggesting the Oncotype DX RS can predict treatment effects of adjuvant chemotherapy in LN−/+, ER+, HER2− breast cancer. In addition to the indirect nature of the study designs, which did not compare outcomes in women whose treatment was guided by GEP test results with those whose treatment was based on standard practice, we also found potential risk of bias from incomplete outcome data and imprecision in effect estimates, leading to the overall conclusion that these studies represent very-low-quality evidence of clinical utility. Oncotype DX was also shown to provide additional clinical information to influence a change in the treatment recommendations in up to 74% of women. However, reports of a net reduction in chemotherapy recommendations or decisions in the study group as a whole sometimes obscured a more complex situation in which it was not always clear in what direction GEP testing influenced a change in treatment decisions (from less aggressive/toxic treatment to more aggressive, or vice versa).
For MammaPrint, none of the reviews identified evidence of the ability to predict treatment effects of adjuvant chemotherapy. MammaPrint influenced treatment decisions, but uncertainty remains in how to interpret the MammaPrint risk classification to determine the most appropriate treatment regimen.
Four systematic reviews evaluated the cost-effectiveness of both tests. Independent cost-effectiveness models developed in two included reviews 15, 16 showed that in the Canadian and UK health-care settings, most of the additional costs incurred by introducing Oncotype DX testing were associated with the cost of the test itself, followed by the cost of additional chemotherapy. Another important finding from sensitivity analyses was that using Adjuvant! Online to triage patients may provide a cost-savings by reserving GEP testing for those patients whose prognosis is most uncertain and whose care will most likely be influenced by GEP testing. 16 However, the variability in the cost-effectiveness for both tests illustrates the underlying uncertainty in the clinical effectiveness and overall utility of these tests. A potential limitation in our overview is that it is only as up to date as the most recent search of the included systematic reviews (May 2011 and January 2012). Despite this limitation, we believe that the inclusion of additional studies, related to any of the three KQs, would be unlikely to change the conclusions of the current overview or our judgment of the overall quality of evidence. Another potential limitation is that secondary publications are the unit of analysis in this overview, rather than the primary studies themselves. It is possible that latent biases from systematic reviews, compounded with those of the individual studies, could be inadvertently carried forward in, and propagated by, an overview of reviews such as this. 66 This concern may be at least partially mitigated by the relatively high degree of study overlap between systematic reviews, although this may also reduce the power of our overview and limit the strength of our conclusions.
Two ongoing clinical trials-TAILORx 67 and MINDACT 68 -will provide direct evidence for using Oncotype DX and MammaPrint to guide treatment decisions in women with early-stage, ER+, HER2−, LN− breast cancer. Both trials were designed to compare outcomes in women whose treatment was based on GEP test results with outcomes in women treated according to standard practices. In TAILORx, women with an intermediate RS were randomized to receive hormone therapy plus adjuvant chemotherapy or hormone therapy alone, whereas women with a low RS received hormone therapy only and women with high RS received hormone therapy plus adjuvant chemotherapy. Women in MINDACT were evaluated with both MammaPrint and Adjuvant! Online. Women with discordant results were then randomized to the adjuvant chemotherapy group or no chemotherapy group. Another recently launched trial, RxPONDER, 69 is evaluating Oncotype DX in participants with LN+ breast cancer.
Despite the lack of direct evidence of clinical utility, Oncotype DX is currently recommended by the American Society of Clinical Oncology 9 and the National Comprehensive Cancer Network 6 based on the reasoning that studies designed to address our KQ 1 can provide sufficient evidence to support clinical implementation. The National Comprehensive Cancer Network used a similar level of evidence framework as Hornberger et al. 17 and rated it at as category IIA, concluding that use of the intervention is appropriate but recommending that the RS should be interpreted "in the context of other elements of risk stratification for an individual. " 6 The UK's National Institute for Health and Care Excellence released a provisional recommendation in 2012 in which the use of Oncotype DX was not recommended for guiding the use of adjuvant chemotherapy in ER+, LN−, HER2− breast cancer. 70 In early 2013, the National Institute for Health and Care Excellence released an updated provisional recommendation for public comment in which Oncotype DX was recommended for ER+, LN−, HER2− early breast cancer that is intermediate risk (on the basis of the Nottingham Prognostic Index) and when the decision to use chemotherapy is uncertain. The updated recommendation would only apply if Genomic Health provided Oncotype DX to the National Health Service at an undisclosed price. 71 Another important question concerns the most appropriate cut-points for defining the risk of recurrence using Oncotype DX. The RS cut-point in the TAILORx trial is more conservative than that used in previous studies (low risk <11 compared with <18; intermediate risk 11 to 25 compared with 18 to 31; and high risk >25 compared with >31). One of the objectives of the RxPONDER trial is to determine an RS cut-point above which chemotherapy may be most beneficial. 69 Researchers have also begun to compare Oncotype DX with standard methods for measuring other molecular targets already included in clinical decision making (e.g., ER, PR, and HER2). 72, 73 The analytic and clinical validity and utility of incorporating these established molecular markers within a GEP test should be evaluated before a single GEP platform is used for all molecular profiling.
As evidence accumulates of the prognostic and predictive ability of both tests in patients at low risk on the basis of clinical factors, investigators are now applying these tests in higher-risk groups. Recent findings have shown those with a good prognosis on the basis of MammaPrint results were more likely to have pathological complete response and recurrence-free survival when treated in the neoadjuvant setting. 74 Additional validation of the prognostic and predictive ability of these tests in highrisk patients is another avenue of further research.
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